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Introduction
Pancreatic adenocarcinoma is a common gastrointestinal malignancy. In the USA it is the fourth largest cause of cancerrelated mortality and accounts for approximately 42 500 new cases and 35 000 deaths each year. 1 Its prognosis is poor and surgical resection is the only potential cure, 2 but feasible in only a minority of patients because of metastatic or locally advanced disease. [3] [4] [5] Palliative chemotherapy with gemcitabine offers better overall survival (OS) and quality of life 6 in comparison with fluorouracil or best supportive care, 7, 8 but its benefits are modest.
In recent years, the use of biological agents in combination with standard chemotherapy has improved the outcomes of patients with advanced colorectal cancer and other gastrointestinal tumours. 9 Consequently, several Phase III trials [10] [11] [12] [13] [14] testing the role of gemcitabine in combination with new biological agents have been carried out in patients with unresectable pancreatic cancer (PC). These studies have produced contradictory results with only one trial 10 showed a positive effect on OS. In view of this a systematic review of the literature was performed, with the appraisal and analysis of all published Phase III randomized controlled trials (RCTs) that used molecular targeted agents (MTAs) in addition to standard chemotherapy for patients with unresectable PC.
Materials and methods
Data sources and study selection PubMed, Excerpta Medical Database, Scopus, Web of Science, the Cochrane Central Register of Controlled Trials, the hepatobiliary group in the Cochrane Library, EMBASE and CINAHL were searched for Phase III RCTs comparing standard palliative chemotherapy with gemcitabine alone or in combination with placebo vs. gemcitabine with the addition of MTAs. The search applied to papers published to November 2011 without restriction on publication status or language. To identify all potential papers, medical subject headings reported in Table 1 were used with a Boolean search strategy. 15 Articles cited in the reference lists of all potential studies were further reviewed and a comprehensive database to catalogue the medical literature on this topic was developed.
Two reviewers (KME and MM) independently assessed the eligibility of all potential abstracts and titles. In cases of disagreement or in the presence of insufficient information, the full text of the study was reviewed for eligibility. The decision to include articles in this study was reached by consensus. Principal investigators of potential trials were asked for missing data and updates by electronic mail whenever the study data were insufficiently described. Phase I and II RCTs, non-controlled clinical trials, studies on animals and review articles were excluded.
Definition of molecular target agents
Molecular targeted agents were defined as all the biological molecules able to alter at least one of the following neoplastic cellular pathways: intracellular or intercellular signalling; metabolic activities, and mytosis. 16 The MTAs included for this study were required to be approved for clinical trials on human subjects, alone or in combination with other chemotherapy agents, for the scope of improving tumour response, survival and symptoms in patients affected by PC.
Outcomes
The primary outcome of this study was OS in patients receiving at least one cycle of chemotherapy. Secondary outcomes were: progression-free survival (PFS); overall response rate (ORR), and incidences of grade 3, 4 and 5 toxicities according to the National Cancer Institute Common Toxicity Criteria. 17 Overall survival was defined as the time interval between the date of enrolment in the protocol and death. Progression-free survival was defined as the time interval during which the size of the tumour remained stable and ORR was defined as the sum of complete and partial tumour 18 divided by the number of included patients.
Data extraction
Two reviewers (KME and MM) independently extracted the data of interest in each study. The following variables were collected: the name of the primary author; year of publication; country in which the study was performed; number of patients randomized in each arm; dosage of anti-cancer therapy; allocation sequence generation; allocation concealment; power calculation; study design; methods used to deal with missing data, and appropriate description of attrition and drop-outs. For each study, the following clinical variables of interest were extracted: OS; PFS; ORR, and grade 3, 4 and 5 drug-induced toxicities.
Assessment of study quality
The Cochrane Collaboration risk assessment tool was used to score the quality of the studies. 19 The randomization methods were classified as the primary means to control bias and the randomization process was evaluated by the methods used to generate and conceal the allocation sequence. Adequate randomization methods were based on a table of random numbers, computergenerated allocation or equivalent techniques. Allocation concealment was considered adequate if it was obtained by a central randomization system, if coded drugs that appeared identical were used, if serially numbered opaque sealed envelopes were employed or if other equivalent methods were used. Blinding was extracted and appraised for caregivers, patients and assessors. Risk for attrition bias was assessed by the number of and reason for drop-outs and withdrawals and whether all patients were accounted for and analysed. The quality of studies was assessed according to sample size calculations and whether or not the sample size had been achieved, whether the study included clear definitions of primary outcomes, and whether or not a crossover design had been used.
Statistical analysis
Statistical analysis was performed using Comprehensive Meta-Analysis Version 2 software. 20 Meta-analysis was performed using a random-effects model 21 in response to the expected clinical heterogeneity among the trials. The results were reported as hazard ratios (HRs) with 95% confidence intervals (CIs) for OS and PFS analyses. Pooled odds ratios (ORs) with 95% CIs were applicable for response rates and drug toxicities. For the primary outcome, sensitivity analysis was performed to assess the impact of studies with higher risk for bias. The main modality for presenting numerical data in visual form was the forest plot.
Reporting
The PRISMA Statement was used for reporting the strategy used to identify Phase III RCTs, inclusion and exclusion criteria, assessment of bias and the results of this meta-analysis. 22 
Results

Ascertainment of the studies
The search strategy used to identify Phase III trials on the topic of interest detected a total of 163 publications. Initial screening reduced this number to a total of 61 potentially relevant trials.
Reading of the content of abstracts and appraisals of eligibility further reduced this number to seven Phase III RCTs that satisfied the inclusion criteria of the present study ( Fig. 1 ). Table 2 summarizes the characteristics of all included studies. All trials were multicentric; the total number of patients per study ranged from 239 to 745, giving a combined total of 3973 participants. Each of the RCTs that satisfied the inclusion criteria involved an experimental arm in which patients received gemcitabine chemotherapy combined with one of the following MTAs: bevacizumab; cetuximab; erlotinib; marimastat; axitinib; pemetrexed, and tipifarnib. In five trials 10, 11, 13, 14, 23 the control groups received gemcitabine and placebo, and in two trials 12, 24 the control groups received gemcitabine only. In total, 1981 patients received gemcitabine and MTAs, and 1992 subjects underwent conventional chemotherapy with a single cytotoxic agent.
Study characteristics
Risk for bias The allocation system was described in all seven trials; however, none reported enough details on the strategy used for allocation concealment. The majority of the trials were blinded to both patients and observers. Methods of handling missing data were not adequately described in any of the included studies ( Table 3 ).
All the RCTs had similar designs and compared the effects of gemcitabine vs. gemcitabine in combination with a single MTA for palliation of unresectable PC without the addition of radiation therapy. Consequently, both authors agreed to perform a metaanalysis for the primary and secondary outcomes.
Primary outcome
Overall survival Although the overall trend favoured the use of MTAs, the pooled analysis did not demonstrate any significant difference between the two groups (HR = 0.94, 95% CI 0.87-1.01; P = 0.09) ( Fig. 2) . A sensitivity analysis was performed by excluding the 2010 study by Kindler et al. 14 as it was the only trial to show a relatively better survival benefit in the placebo group and was therefore considered as an outlier. The meta-analysis of the six remaining studies confirmed no difference in OS between the two arms.
Secondary outcomes
The pooled analysis for PFS showed a statistically significant improvement in the study arm treated with MTAs (HR = 0.86, 95% CI 0.79-0.93; P = 0.000) ( Fig. 3) . Similarly, the ORR differed the two therapeutic arms, favouring the use of MTAs (OR = 1.35, 95% CI 1.05-1.74; P = 0.01) ( Fig. 4 ). By contrast, effects of grade 3 and 4 toxicities (e.g. anaemia, neutropenia, thrombocytopenia, cerebrovascular accidents, proteinuria, venous thrombosis, skin rash, nausea/vomiting, anorexia) were more common in the group treated with MTAs (OR = 1.79, 95% CI 1.50-2.13; P = 0.00) ( Fig. 5) . A higher risk for treatment-related mortalities (grade 5 toxicities) was also seen in patients receiving a combination of gemcitabine and MTAs in all studies except one 11 (pooled OR = 2.19, 95% CI 1.19-4.0; P = 0.01) ( Fig. 6 ).
Sensitivity analysis and publication bias
Sensitivity analysis did not show any difference in results for either primary or secondary outcomes. Assessment for publication bias performed using a funnel plot of the standard errors suggested that the risk for publication bias was minimal as a result of the symmetrical distribution of the relationship between treatment effect and study size 25 (Fig. 7) .
Discussion
Since 1997, gemcitabine-based chemotherapy has become the reference treatment for patients with unresectable PC. 7 During the subsequent years, many combinations of chemotherapy regimens have been tried for unresectable PC without considerable benefits. Only one Phase III trial showed a synergistic effect of gemcitabine and erlotinib, with a median survival of 6.24 months compared with 5.91 months in the gemcitabine-only arm. 10 Among many negative chemotherapy trials, a recent European multicentre study shown a significant improvement in OS in patients treated with the combination of oxaliplatin, irinotecan, leucovorin and fluorouracil (FOLFIRINOX) in comparison with gemcitabine alone. 26 This trial generated some optimism for chemotherapy protocols that combine several agents to minimize side-effects and take advantage of the synergistic effects of compounds that act at different cellular levels.
This trial fits well with the recent identification of several molecular abnormalities occurring in solid tumours, and the development of new chemotherapy agents designed to act on specific cellular targets. 27 Data from laboratory research have shown that MTAs are able to alter the expected course of neoplastic cells 28, 29 with precision and without altering the cycle of normal cells. 30 For some solid and haematological tumours, these effects have been proven in clinical trials, with significant extension of OS and, in some cases, complete response. 30 The success of MTAs for the treatment of some other gastrointestinal tumours 9 has generated the hypothesis that MTAs might also be beneficial in PC. 30 Similarly to other solid tumours, the development of PC involves multiple genetic and epigenetic alterations, chromosomal aberrations, gene mutations and several changes of molecular pathways 31 that may be amenable to pharmacologic interference by MTAs.
Because PC cells are resistant to conventional chemotherapy agents, and there is no single very effective cytotoxic agent, several Phase III RCTs have been carried out to investigate the effects of MTAs in combination with gemcitabine. All these trials were very Single experiments very rarely provide definitive answers to research questions; therefore a systematic review of the literature was performed. After an extensive search of several databases, all the potential Phase III RCTs that satisfied the inclusion criteria were selected. The available studies had very similar designs and objectives, and agreement was reached that the criteria for a quantitative synthesis were satisfied and a meta-analysis was subsequently performed.
The results of this study confirmed that the addition of an MTA did not translate into significant OS benefits, although PFS and ORR were statistically better than in the control arms. By contrast, the addition of MTAs resulted in a significant increase of grade 3 and 4 and, more importantly, grade 5 toxicities.
One of the limitations of this study was the fact that the MTAs tested in the trials were heterogeneous in terms of their molecular structure and specific targets. Some MTAs were selective inhibi- tors of trans-membrane receptors and others were inhibitors of intracellular enzymes responsible for cellular replication, angiogenesis and promotion of metastases. However, although each MTA acted on a unique target, their final effects could be unified as one of the following: inhibition of angiogenesis and cell growth, or prevention of the degradation of basement membranes and migration of endothelial cells needed to form blood vessels. All the trials were based on the concept that MTAs are complementary drugs to the main cytotoxic agent gemcitabine and tested the hypothesis that MTAs might be synergistic. Another limitation was the relatively small number of trials, although the total number of patients included in the meta- Figure 2 Forest plot representing the pooled results for overall survival in patients treated with gemcitabine (Gem) and molecular targeted agents (MTAs) vs. Gem alone or in combination with placebo. 95% CI, 95% confidence interval
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Gem + MTA Gem + placebo Forest plot representing the pooled results for progression-free survival in patients treated with gemcitabine (Gem) and molecular targeted agents (MTAs) vs. Gem alone or in combination with placebo. Progression-free survival was reported in median months by Oettle et al. 24 and by Kindler et al. 14 Figure 6 Forest plot representing the pooled results for grade 5 toxicities (treatment-related deaths) in patients treated with gemcitabine (Gem) and molecular targeted agents (MTAs) vs. Gem alone or in combination with placebo. Bramhall et al. 11 reported no grade 5 toxicities in either treatment arm. 95% CI, 95% confidence interval analysis was conspicuous. In fact, the final number of subjects pooled in this meta-analysis was sufficient to power an RCT able to detect a minimum difference in HR of 0.1.
Along with these limitations, this study has several strengths. The first of these was the high quality and the homogeneity of the design and interventions of all the included studies and the fact that an extensive literature search was performed to establish the most up-to-date information on the effects of novel MTAs in PC. Secondly, a relatively large number of patients (3973) was included, and two reviewers were involved in assessing potential bias and in extracting data in a manner that has been shown to improve the quality of meta-analysis. As a final point, this study assessed not only potential survival benefits, but also other important clinical outcomes such as response rates, grade 3 and 4 toxicities, and treatment-related mortality. This is the first meta-analysis on the results of MTAs in the treatment of unresectable PC. For reasons that are still not very well understood, PC appears to be very resistant, not only to wellknown cytotoxic agents, but also to the MTAs currently available.
The findings of this study do not support the use of available MTAs in combination with gemcitabine for the palliation of patients affected by advanced PC. Although the enthusiasm for MTAs in PC has declined because of their modest effects and high costs, further RCTs combining MTAs with FOLFIRNOX should be encouraged. In further trials, cost-effective analyses should also be included among the outcomes of interest as the costs of adding MTAs to other cytotoxic agents will remain a significant constraint on the wide use of these agents in the treatment of patients with PC. 
